The amounts* of endotoxin, histamine-sensitizing factor and lymphocytosis-promoting factor contained in combined diphtheria-pertussis-tetanus and combined diphtheria-pertussis vaccines recently produced in Japan were determined and the relationships among them were statistically analyzed.
INTRODUCTION
cytosis-promoting factor (LPF**) , and the •gtest for mouse body weight-decreasing toxicity•h for endotoxin (Ishida , 1968 Pittman , 1970 
MATERIALS AND METHODS
Products containing pertussis vaccine: One hundred and twenty-three DPT and 16 DP vaccines submitted to the National Institute of Health for the national control test during the period from 1968 to 1975 were tested. The number of vaccines tested each year is shown in Fig. 2 .
Reference iertussis vaccine: A DPT vaccine, T-11, was used as a provisional reference preparation. Both its HS and LP activities were among the highest of all DPT and DP vaccines submitted to the Institute for the national control tests during the period. Based on comparative tests with a reference endotoxin preparation, the endotoxin content of this vaccine was estimated to be equivalent to 50 BWDU (mouse body weight-decreasing toxicity unit) (see below) per ml (95% confidence interval = 29-77 BWDU per ml) corresponding approximately to the mean of the endotoxin contents of all the DPT and DP vaccines tested. Though the reference endotoxin preparation, WE-1, used in ** For convenience of description , the terms of LPF and HSF were dealt with as if they were separable substances from each other in this report. the above comparative tests was a partially purified preparation extracted from Escherichia coil 0-111 by Westphal's hot phenol-water method (Westphal and Jann, 1965) , the tests were proved to be statistically valid. One BWDU was defined as the equivalent of 1.0-pg dry weight of the reference endotoxin.
The HSF content of the vaccine was estimated to be 5*** histamine-sensi-*** In the previous report (Ishida et al ., 1976) groups of five, each group being housed in a cage, and maintained on a stock compressed diet (MNF, Oriental Yeast Mfg. Ltd., Tokyo). Food and water were given ad libitum. Two groups each of five mice were allocated at random to each vaccine. Immediately before the inoculation of vaccine, body weight measurement and peripheral leukocyte count were made. Afterwards, the body weight measurement was performed every day and the leukocyte count on day 3. The same mice were used for the determination of HS activity on day 4 as described below. Determination o f endotoxin content: The endotoxin content of a vaccine was estimated by the method using body weight loss 24 hr after inoculation of vaccine (the body weight on day 1 less the initial body weight) as a response (Ishida, 1968) and expressed in terms of BWDU calculated from the relative activity to the reference pertussis vaccine. In order to avoid repeated bleeding from the mice, the assay method for endotoxin content using the change in peripheral leukocyte population (Kurokawa et al., 1974) was not applied in this experiment.
Determination of HSF content: Survival time of mice after histamine challenge was used to estimate the HSF content (Ishida et al., 1976) . The ip challenge with 4 mg of histamine dihydrochloride (Sigma Chemical Co., U.S.A.) was made 4 days after sensitization. The survival time in minutes was recorded and transformed into logarithm to base 10 for the statistical analyses. The HSF content was expressed in terms of HSU per ml calculated from the HS activity relative to that of the reference vaccine (Ishida et al., 1976) .
Determination o f LPF content: The LPF activity was estimated from the peripheral leukocyte count 3 days after inoculation of the vaccine (Ishida and Kurokawa, 1971; Kurokawa et al., 1978) . The count was made with a Coulter et al.
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counter model B (Coulter Electric Inc., St. Hialeah, FL). The lograrithmically transformed values were used in the statistical analyses. The LPF content was expressed in terms of LPU calculated from the LP activity relative to that of the reference vaccine (Kurokawa et al., 1978) . Statistical analyses: Parallel line assays were carried out according to the methods of Finney (1964) based on the assumption that the dose response regression line for each test vaccine was parallel with that for the reference pertussis vaccine for any toxic component and that the dose used was within a range of linear regression. The calculations of the relative values and of the confidence limits were made by use of the respective common regression coefficients and variances shown in Table I .
The probability level for the significant test was fixed at p=0.05, unless otherwise stated.
RESULTS

Frequency Distribution of Individual Values
The frequency distributions of individual values of BWDU, HSU and LPU of the vaccines tested are displayed in histograms in Fig. la , lb and lc, respectively. All the distributions showed relatively wide ranges.
The endotoxin contents ranged from 10 to 250 BWDU per ml with a mean of about 50 BWDU per ml, the smallest value being neglected. As the relative endotoxin content was estimated with 30 mice for the reference vaccine and 10 mice for each test vaccine, a common 95% confidence interval with an estimated value of BWDU for each vaccine was calculated to be 0.44log1o BWDU, when the common regression coefficient and the common variance for the reference vaccine (Table I) were utilized. The range of individual endotoxin content was about 9 times the common 95% confidence interval of a value of BWDU estimated from individual trials, showing that the observed variation in endotoxin content was much larger than possible experimental errors.
The ranges of individual values of HSU and LPU were so wide that the largest value was at least 10-fold the smallest in both cases. The calculated common 95% confidence intervals for individual values of HSU and LPU were 0.386 log10 HSU and 0.267 log1,o LPU, respectively. The observed variations in HSU and LPU were about 8 and 9 times the 95% confidence interval, respectively.
Some DPT or DP vaccines produced before 1971 were retrospectively tested for endotoxin, HSF and LPF contents for comparison. No remarkable differences in the contents were demonstrated between the vaccines produced before and those after the amendment of the Requirements (Fig. 2) II (the top column of partial correlation). The results were much the same as those of the total correlation analyses.
Multiple Regression Analyses on the Data
The multiple regression analyses were performed on the data by the following equation, x1= b0 + b1x2 + b2x3 + b3x2x3,
where x1, x2 and x3 represent each of the three variates, and b.0, b1 and b2 the intercept and the partial regression coefficients of x1 on x2 and x1 on x3, respectively. The last term of equation (3), of which x2X3 represents a term of possible interaction between x2 and x3 and b3 its partial regression coefficient, is not considered hereafter because b3 was negligible for any of the variates.
The partial regression coefficients, b1 and b2, were calculated by the following equations, respectively,
•¬(4)
•¬ (5) where S22 and S33 represent the sum of squares of deviations of the variates 2 and 3, respectively, and S12, S13 and S23 the sums of products of 1 and 2, 1 and 3, and 2 and 3, respectively. b0 was obtained by the following equation.
b0=x1-b1x2-b2x3. 
Ratio between Two o f the Three Variates
Though the correlation between the individual values of HSU and those of LPU was significant, the frequency distribution of individual log HSU/LPU ratios ranged from -0.5 to 0.5 log1.0 (Fig. 3a) , that is, not only the highest HSU / LPU ratio was about 10 times the lowest, but also the ratio spread over unity. A 95% confidence interval for the estimated HSU/LPU ratio was calculated to be 0.465log10 with the values presented in Table I . The range of HSU /LPU was about 3.4 times larger than this common confidence interval, suggesting that the variation of the observed ratio was not always attributable to the possible experimental errors. To confirm the results, two vaccines from each of the negative log HSU / LPU ratio and positive log HSU / LPU ratio groups were tested again for HSU and LPU and the HSU/LPU ratio was calculated. The results tabulated in Table III show that the reversed relationship in the ratio was reproducible and independent of the values of LPU, except for one vaccine No. 3 in the experiment No. 2. The x2-test for deviations from normality of the frequency distribution of individual log HSU/LPU ratios was not significant. The ranges of HSU/BWDU and LPU/BWDU ratios were both fairly larger than that of HSU /LPU ratios.
Resolution o f Overlapping Distributions o f HSU
There appeared to be two peaks in the frequency distribution of HSU (Fig. lb) . The hypothesis that the frequency distribution of HSU was a log normal one was tested by the x2-test. As the observed value of x2 was 17 .31, being larger than the corresponding x2 value of p-0 .05 with 7 degrees of freedom, 14.07, the observed frequency distribution of HSU did not fit the hypothesis of normality. On the other hand, no evidence for significant deviations from normality of frequency distributions of individual values of LPU and BWDU were demonstrated, showing that both the latter two variates may be assumed as log normal distributions.
The cumulative percentage frequencies of log HSU were plotted on normal probability paper (Fig. 4) . The regression obtained for the cumulative percentage frequencies on log HSU appeared to have an inflexion at around the 48% point, showing that the individual log values of HSU might be composed of at least two overlapping populations. On the other hand , the regression of cumulative percentage frequencies of endotoxin content against log BWDU and that of LPU against log LPU both appeared to be linear except for some extreme values, showing that the individual values of log BWDU and log LPU were almost normally distributed (Fig. 4) .
Resolution of the observed frequency distribution of HSU into two overlapping populations was attempted on an assumption that the observed frequency distribution of HSU was composed of two independent log normal distributions.
There have been several reports presenting methods for the resolution of an overlapping distribution into respective normal populations . Among them, Harding's graphical method (1949) was applicable to the present data as a point of inflexion was demonstrated in the curve (Fig. 4) . Besides, the number of classes of observation was too small to apply the method of Bhattacharya (1967), which seems to be the most reasonable as well as practical method. The position of the point of inflexion was at about 48%. This position suggested that a population of lower HSU formed 48% of 96 vaccines, that was 46 vaccines , and that of higher HSU 52% of 96 vaccines, that was 50 vaccines (Harding , 1949) . In order to divide all the vaccines into the two groups , four vaccines with 0.2 loglo HSU per ml (Fig. 1b) must be divided into two groups of two vaccines each. However, as there is no reasonable method to decide which one of the four vaccines belongs to which group, we divided that values of HSU into two distributions of equal size, the one consisting of the values from 0.3 loglo HSU up and the other consisting of the remainder. The group of vaccines having lower HSU is referred to as group I, and that having higher HSU as group II. Both the regressions of cumulative percentage frequency of the groups I and II against log HSU on normal probability paper appeared to be linear (Fig. 5) .
The histograms in Fig. 6 in the distribution of individual BWDU, although a distinct difference in the frequency distribution of individual values of LPU between the two groups appeared. Additionally, exclusion of some vaccines was introduced; values of four vaccines in each of the groups were omitted in further statistical analyses, because the expected values of HSU of these eight vaccines calculated from equation (3) were significantly different from the observed values of HSU. The fitted regression equations of HSU (x1) on LPU (x2) and BWDU (x3) for groups I and II obtained by the equation (3) were x1 = 0.292 + 0.034x2-0.140x3 (7) and x1=0.085+0.423x2+0.151x3, (8) respectively. Both the differences in b1 and in b2 between the two groups were significant. Deviations from parallelism between the two regression planes were significant, too. Equation (7) shows that in the group I there was a small but significant negative correlation between HSU and BWDU and little correlation between HSU and LPU. According to the equation (8), on the other hand, there was distinct positive correlation between HSU and LPU, and the correlation between HSU and BWDU was also significantly positive.
Let the variates 1, 2 and 3 be LPU, HSU and BWDU, the equations for x1=0.333+0.163x2-0.118x3 (9) x1= 0.438+0.815x2-0.277x3, 
DISCUSSION
Individual values of HSU per ml of Japanese DPT and DP vaccines produced during the period from 1968 to 1975 varied from 0.3 to about 6.0 with a mean of 1.8, most of them being lower than the value described by Pittman (1975) . One human dose of the combined vaccines , which is fixed at 0.5 ml in Japan, corresponds to 0.15 to 3.0 HSU. The range of distribution of LPU was quite similar to that of HSU, from 0 .4 to 5.0, though the patterns of distributions were quite different from each other .
There has been little significant difference in the three parameters before and after the new Japanese Minimum Requirements came into force , therefore the levels of HSU and LPU in Japanese vaccines do not seem to have been affected by the unique tests prescribed in the requirements .
Despite a significant correlation between HSU and LPU , individual HSU/LPU ratios ranged from about 0.3 to about 3. Results with the HSF materials obtained during the purification processes by Homma et al . (1970) also showed that the HSU/LPU ratio ranged fairly widely. There have been no relevant explanations for the discrepancies between LP and HS activities . Not a few reports seem to be in favor of a view that LP and HS activities may be attributable to the same substance (Morse and Morse , 1976; Arai and Sato, 1976) . This view, however, has not always been based on precise estimations of both activities.
It was interesting that there appeared to be two groups different from each other in respect of HSU. With one of the groups, which was composed of vaccines with higher HSU, there was a distinct correlation between HSU and LPU, while with the other group, which was composed of vaccines with lower HSU, little correlation was demonstrated. The origin of the groups remains to be traced. There was little, if any, relationship between the groups and the manufacturer or the date of production. Though it is uncertain whether or not such rather strange results are reproducible, it is interesting that the partial correlation between BWDU and HSU, or BWDU and LPU was significant in one group after separation from the other group. We have evidence to show that endotoxin affects the activities of LPF (Kurokawa et al., 1978) and HSF (Ishida et al., 1976) , though the effects of endotoxin on HSF have not always been distinct.
The highest endotoxin concentration of Japanese vaccines tested in the present programme was about 25 times the lowest. If the assumption is correct that a temperature rise of 0.2 C may be expected in man with a twofold increase in endotoxin content (Someya, 1967) , the largest possible difference in the mean temperature rise between vaccinees receiving DPT vaccines of the highest endotoxin content and those receiving DPT vaccines of the lowest concentration will reach about 0.9 C. The effects of these toxic substances on the respective potencies of antigenic components of the DPT and DP vaccines will be described in a later paper.
